We estimated the effects of smoking on the risk and prognosis of erectile dysfunction (ED), and of ED on smoking behavior. The follow-up sample consisted of the 1442 men aged 50-75 y, who responded to both baseline and follow-up questionnaires. We estimated the effect of smoking on the incidence of ED among the 1130 men free from ED, ED on risk to start smoking in the 502 nonsmokers, smoking on the prognosis of ED among the 312 with ED and ED on quitting smoking among the 292 current smokers at baseline. Risk of ED increased nonsignificantly with smoking (odds ratio (OR) ¼ 1.4), while ED recovery reduced (OR ¼ 0.6). Therefore, there was the ratio of 2.3 (1.4/0.6) describing the total effect of smoking on the risk of ED. Both quitting (OR ¼ 1.7) and starting (OR ¼ 1.9) smoking were rare and nonsignificantly higher in men with ED. Most of the OR estimates on smoking-ED relationships were not statistically significant, probably due to small numbers. There are two bidirectional relations between ED and smoking. Those who smoked had a higher risk of ED than nonsmokers. The men with ED were more likely to start smoking than those free from ED. The estimates of effects were not statistically significant, but they were consistent with each other and with the hypothesis that smoking causes ED and ED causes smoking. The recovery from ED was less in smokers than among nonsmokers, and current smokers with ED were more likely to stop smoking than men free from ED. Numbers were few and estimates of effects were not significant, but consistent with the hypothesis of smoking preventing recovery from ED and ED improving the success of smoking cessation. Such transitions in four directions explain indirectly the known positive association between the prevalence of smoking and the prevalence of ED. 
Introduction
Erectile dysfunction (ED) is a common public health problem affecting millions of men worldwide. [1] [2] It has a strong negative effect on interpersonal relationship, well-being and quality of life. [3] [4] [5] [6] [7] [8] [9] [10] Epidemiological findings would be obviously valuable for better understanding of ED and subsequently for developing appropriate service delivery and resource allocation modalities, as well as for developing prevention strategies when modifiable risk factors are established. Despite the recent interest on ED, there is still substantial gap in our knowledge of the etiology of ED. 11, 12 The use of tobacco is a major public health problem worldwide, and its effect on sexual life is an often-used fact in anti-smoking campaigns. Association between smoking and ED has been assessed mainly in prevalence studies, which have considerable weaknesses for elucidating the etiology of ED. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Only two longitudinal studies have evaluated the effect of smoking on erectile function. One has clearly shown that smoking does not have an effect on the incidence of ED, 12 and the other has also found no effect in whole sample, 11 while doubling of risk in a subgroup of men free from vascular diseases. 14 Little is known about the frequency of spontaneous recovery, and no study has been published on the effect of smoking on the recovery from ED and the effect of ED on starting or stopping smoking. To better understand the mechanisms of causality between smoking and ED, we estimated the effects of smoking on the risk and prognosis of ED, and also the effect of ED on smoking behavior by means of a population-based follow-up study.
Materials and methods
This study is a population-based follow-up study in randomly selected cohorts of men who were born in 1924, 1934 or 1944, residing in the city of Tampere or 11 surrounding municipalities in Finland in 1994, identified from the Population Register Center. Information on the total population (3152) was collected by means of a mailed self-administered questionnaire, comprising items on sociodemographic status, life-style factors, medical conditions and medications, diet, physical activity, erectile capacity and concern about erection problems.
A total of 2198 men completed the baseline questionnaires (70% response proportion) during the first quarter of 1994. Of these, 257 were excluded from the study, 244 due to missing data regarding erectile function and 13 as the respondents were institutionalized or unable to respond independently. Hence, 1941 men (62% of the target population) were included in the study at baseline. Similar questionnaires were sent 5 y later in May 1999 to 2864 men, with a reminder to the 1162 who did not respond to the first within 3 months. Between 1994 and 1999, 262 men had died, six had emigrated and 38 no longer had a permanent address in the Population Register. Overall, 1683 men (59% of those who were alive and eligible) responded to both the baseline and follow-up inquiries. Of them, 241 were excluded because of missing data on erection function and 1442 (50% of eligible survivors at follow-up) were included in the follow-up sample.
The followed-up population was similar to those who responded to baseline survey with respect to education, marital status, residence, alcohol consumption and most of the chronic diseases. They were slightly older (on average 1 y). The 499 men without follow-up information were older than the followed-up sample (Table 1) , more frequently reported to have ED, heart disease (25 vs 15%), cerebrovascular disease (9 vs 5%) and diabetes (10 vs 6%), and were more often current smokers (31 vs 20%).
ED was defined according to the National Institutes of Health Consensus Panel on ED as the inability to achieve or maintain an erection sufficient for satisfactory sexual function. 2 ED was assessed by two questions on subjects' erectile capacity: 'Have you had problems getting an erection before intercourse begins?' and 'Have you had problems maintaining an erection once intercourse has begun?' The two questions were combined to classify the severity of ED. No difficulty in achieving and maintaining erection was defined as normal erectile function. Some difficulties in achieving and/or maintaining was classified as minimal ED and fairly frequent difficulties as moderate ED. Complete ED was defined when intercourse did not succeed at all. ED was categorized as none or minimal vs moderate or complete for the analysis.
Self-reported smoking history was obtained from the questionnaire. Men were defined as current smokers, if their history of smoking had lasted for at least 1 y, and ex-smokers if they had smoked at least 1 y in their life and were not current smokers, and nonsmokers if they had never smoked or smoked less than 1 y.
The 1130 men free from ED, 312 with ED, 502 nonsmokers and 292 current smokers at baseline were included in this analysis ( Table 2 ). The number of cases who started to smoke during the follow-up period was very few and only crude odds ratios (ORs) were estimated. The statistical significance (two-tailed P-valuer0.05) was assessed by a w 2 test, and multivariate logistic regression model used with the SPSS software computer package.
The local ethical review committees approved the study protocol.
Results
A total of 203 men (18%) developed ED during the 5-y follow-up period among the 1130 men free Smoking and erectile dysfunction R Shiri et al from ED at baseline. The incidence of ED increased with age and with smoking ( Table 3 ). The increase with age was stronger (OR ¼ 2.3 and 4.5 for 60-65 and 70-75 y, respectively compared with 50-55 y) than with smoking (OR ¼ 1.4, 95% CI 0.9-2.3), which was nonsignificant. Among the current smokers, no dose-response effect was detected for the duration of smoking. The OR for each 10-y increment in the number of years spent smoking was 1.0 (95% CI 0.6-1.6). There was an interaction only between smoking and fecal incontinence (OR ¼ 7.2, 95% CI 2.2-24.7). However, the number of cases was few and estimate based on only 12 cases. The OR for the effect of fecal incontinence itself on ED was 5.3 (95% CI 1.9-14.9). The men with ED were older and more often ex-smokers (Table 2) . Among the 312 men with ED at baseline, 61 (20%) had spontaneous recovery (Table 3) . Recovery was more rare with advancing age (OR ¼ 0.6, 95% CI 0.3-1.3 and 0.5, 95% CI 0.2-1.3 for 60-65 and 70-75 y, respectively) and was less in smokers (OR ¼ 0.7, 95% CI 0.3-1.3 and 0.6, 95% CI 0.2-1.4 for ex-and current smokers, respectively, compared with nonsmokers). Among those who had ED, 12% (n ¼ 37) reported that they had sought treatment during the follow-up period. Younger men sought treatment more often than older (P ¼ 0.017). Only four men (11%) reported to have improvement by ED treatment, and recovery was less common among those who had ED treatment (OR ¼ 0.4, 95% CI 0.1-1.2).
A total of 43 men (15%) in the 292 current smokers at baseline stopped smoking during the follow-up period (Table 4) . Quitting was higher in the 70-75-y-old men (OR ¼ 1.9, 95% CI 0.6-6.3) and in those who had ED (OR ¼ 1.7, 95% CI 0.8-3.9).
Only 15 men (3%) among the 502 nonsmokers at baseline had started to smoke during a period of 5 y (Table 4 ). Risk to start smoking was higher in men with ED (OR ¼ 1.9, 95% CI 0.6-6.1). The numbers were very few and the relative risk estimate was not statistically significant.
Discussion
In our study, smokers had a higher risk and a lower recovery from ED than nonsmokers. Quitting Smoking and erectile dysfunction R Shiri et al smoking and risk to start smoking were higher among men with ED. Although the relative risks were nonsignificant, our findings were consistent with the hypothesis that there are two bidirectional associations between ED and smoking. Firstly, smoking causes ED and ED causes smoking. Secondly, smoking reduces recovery from ED and ED makes men more vulnerable to start smoking. Our original population-based sample was more than 3000, but follow-up and stratification resulted in much smaller populations with only few incident cases of outcome. Therefore, there was substantial random variation and the estimated incidence ORs were not statistically significant. These four associations and their relative importance result in the common finding of association between the prevalence of smoking and the prevalence of ED. The use of tobacco is a major public health problem worldwide, and the available evidence on the role of smoking on erectile function is equivocal. [12] [13] [14] [15] [16] Anti-tobacco advertisements now feature the risk of ED as a reason to avoid or cease tobacco use. As warnings of cancer and heart disease have lost their ability to alarm, tobacco control has turned to the risk of ED. The causal association of starting cigarette smoking with incidence of ED cannot be established by randomized controlled experiments due to ethical restraints.
Cross-sectional prevalence studies are easier to conduct, but they cannot disclose the complex four-direction causal pathways and they are more likely to suffer different biases. There is still lack of knowledge about the risk factors of ED. It is difficult to collect valid information from a representative sample. Most studies are biased towards the population of responders who agree to talk readily about sexual matters. Few population-based follow-up studies are available concerning risk factors. Our follow-up of men without ED at baseline is free of such bias.
Prevalence of smoking has been associated with ED in some 14, 17, 22, 24, 25 but not all previous studies. 11, 13, 19, 26 Higher prevalence of ED has been reported both among current and exsmokers. [20] [21] [22] 25, [27] [28] [29] [30] [31] In some studies only heavy smoking (30 cigarettes or more/day) was significantly associated with ED, 18, 23 while another study found that smoking was related to the prevalence of complete ED only in current smokers with treated heart disease, hypertension and arthritis. 13 Some studies suggest that the prevalence of ED increases with the number of years of smoking, 18, 20, 25, 31 while others have failed to detect a relationship between years smoked or cigarettes smoked daily and ED. 13, 22 Passive exposure to cigarette smoke both at home and at work also increased the incidence of ED in one study.
14 Meta-analyses have shown that impotent men are significantly more likely to be current smokers than men in the general population (prevalence of smoking 40 vs 28%). 15, 16 Yet, the results of studies have been completely equivocal.
Temporal relationship is an essential aspect of causality. For smoking to be a cause of ED, it clearly has to precede ED onset. The relationship between smoking and ED has been found mostly based on cross-sectional studies, which have a major limitation in establishing the time sequence of events. Measurements of smoking and ED in cross-sectional studies are made at the same time, and it cannot be assumed that smoking preceded the appearance of ED.
A reverse causal direction is quite credible. Quality of life effect caused by ED may be attempted to get relieved by smoking. To the best of our knowledge, such hypothesis was never empirically verified. The time frame for ED onset and recovery Smoking and erectile dysfunction R Shiri et al from ED after cessation of smoking is neither known and it is not clearly associated with the time from stopping, suggesting a lasting effect of smoking on ED. 31 It may be markedly different from associations with other endothelial diseases such as coronary heart disease. The rate of decreasing risk is related to the underlying pathophysiology and it is relatively dependent upon population age. 15 The response rate was comparable to that for other epidemiological studies on sexual function. Characteristics of the incidence sample were relatively similar to those who were included at baseline sample. Those without information at follow-up survey were slightly older, had more often ED and vascular diseases, and were more frequently current smokers than those who were included to the follow-up sample. The prevalence of smoking in the followed-up sample was similar to that among Finnish men of these ages in general, which suggests representativeness of the study population. 32 If such selective forces were undifferential, the relative risks are not biased.
The current findings showed that both past and current smokers were at higher risk of ED. Only 4% of those who suffered from ED improved annually and spontaneous recovery was lower in smokers. In view of the fact that the risk of ED increased and recovery reduced with age, the effect of age on ED becomes stronger (OR ¼ 3.8 (2.3/0.6) for 60-65 y and 9.0 (4.5/0.5) for 70-75 compared with 50-55 y). The increase in the risk of ED with smoking was relatively small (OR ¼ 1.4 only, compared, for example, to the strength of health education level on this relationship). As smoking seems to prevent recovery from ED (OR ¼ 0.6), the overall association becomes stronger (1.4/0.6 ¼ 2.3). On the basis of our results, it is impossible to conclude whether smoking causes ED through vascular diseases and those diseases are on a causal pathway between smoking and ED, or whether smoking independently causes ED and chronic diseases.
This study showed that ED is also likely to precede smoking, especially in young men. In fact, our results were consistent with the hypothesis that never-smoked men with ED are likely to start smoking and smokers who suffered from ED are also likely to stop smoking. The mechanisms of such actions are obviously psychosocial and demonstrate the importance of ED on the quality of life for men. In principle, it is possible that ED causes stress, anxiety, depression, loss of self-esteem, dissatisfaction and anger that the men assume to be relieved by smoking. It is also possible that the known etiological role of smoking on ED increases quitting smoking in those who suffer from ED in the hope of recovery. Our samples were too few, especially on the effect of ED on starting smoking to confirm any associations.
Conclusions
Our results are consistent with the hypothesis that there are two bidirectional relationships between ED and smoking. Those who smoked had a higher risk of ED than nonsmokers, and the men with ED were more likely to start smoking than those free from ED. The estimates of effects were not statistically significant, while they were consistent with each other and with the hypothesis that smoking causes ED and ED causes smoking. The incidence of recovery from ED was less among smokers than nonsmokers. The current smokers who suffered from ED were more likely to stop smoking than men free from ED. Numbers were few and the estimates of effects were not significant but consistent with the hypothesis of smoking preventing recovery from ED and ED increasing the success of smoking cessation. Such transitions in four directions result in known positive association between the prevalence of smoking and the prevalence of ED.
